













ABSTRACT.	 Many	 educational	 institutions	 are	 shifting	 their	 teaching	 and	 learning	 towards	
equipping	 students	 with	 knowledge,	 skills,	 and	 dispositions	 that	 prepare	 them	 for	 lifelong	
learning,	 in	 a	 complex	 and	 uncertain	 world.	 These	 have	 been	 termed	 “21st	 century	
competencies.”	 Learning	 analytics	 (LA)	 approaches	 in	 general	 offer	 different	 kinds	 of	
computational	 support	 for	 tracking	 learner	 behaviour,	 managing	 educational	 data,	 visualizing	
patterns,	and	providing	rapid	feedback	to	both	educators	and	learners.	This	special	section	brings	
together	a	diverse	range	of	 learning	analytics	tools	and	techniques	that	can	be	deployed	in	the	
service	 of	 building	 21st	 century	 competencies.	 We	 introduce	 the	 research	 and	 development	
challenges,	and	 introduce	the	research	and	practitioner	papers	accepted	to	this	section,	before	
concluding	 with	 some	 brief	 reflections	 on	 the	 collection	 and	 relevance	 of	 a	 complex	 systems	
perspective	for	framing	this	topic.	
Keywords:	 Learning	 analytics,	 21st	 century	 competencies,	 learning	 to	 learn,	 lifelong	 learning,	
transferable	skills,	complex	systems	
1 INTRODUCTION: 21ST CENTURY COMPETENCIES 
It	has	become	a	truism	to	assert	that	we	live	in	an	age	of	rapid	change,	in	which	technological	
and	 cultural	 disruptions	 create	 unprecedented	 complexity,	 turbulence,	 and	 uncertainty.	 A	
society’s	 capacity	 to	 learn	 is	 central	 to	 its	well-being,	but	economic,	 social,	 and	 technological	
turbulence	 places	 unprecedented	 pressure	 on	 citizens’	 capacity	 to	 deal	with	 uncertainty	 and	
adapt	to	change.	Citizens	of	all	ages	need	increasingly	to	make	sense	of	ambiguity	with	the	loss	
of	authority	that	used	to	surround	educational,	political,	scientific,	moral,	religious,	and	other	
cultural	 institutions	 (Haste,	2001).	 In	 the	 school	 systems	of	 technologically	advanced	nations,	
there	are	shocking	figures	around	student	disengagement,	as	young	people	struggle	to	see	how	
what	 they	 learn	 connects	with	 their	 technologically	 infused	 lives	outside	 school	 (Buckingham	
Shum	 &	 Deakin	 Crick,	 2012).	 In	 the	 world	 of	 work,	 employers	 complain	 increasingly	 that	
graduates	from	our	school	and	university	systems,	while	proficient	at	passing	exams,	have	not	








the	explosion	of	 the	 Internet,	mobile	computing,	and	now	the	 Internet	of	devices	as	creating	
disruptions	at	an	unprecedented	pace.	A	growing	body	of	 scholarship	 in	education	 (reviewed	
shortly),	and	on	workplace	futures	(e.g.,	FYA,	2016;	WEF,	2016)	argues	that	educational	systems	
—	from	primary	school	to	higher	degrees	—	must	evolve	beyond	a	sole	focus	on	the	mastery	of	
knowledge	 and	 skills,	 in	 a	 predefined	 curriculum,	 assessed	 typically	 under	 controlled	 exam	
conditions.	 Such	 an	 approach	 assumes	 that	 the	 world	 at	 the	 time	 of	 learning	 will	 remain	
relatively	stable,	and	that	the	required	competencies	can	indeed	be	assessed	in	an	exam.	These	
assumptions,	valid	in	an	industrial	era,	no	longer	hold.	
A	 strategic	 educational	 response	 to	 a	 world	 of	 constant	 change	 is	 to	 focus	 explicitly	 on	
nurturing	the	skills	and	dispositions,	assessed	under	authentic	conditions,	that	equip	learners	to	
cope	with	novel,	complex	situations.	Thus,	even	if	we	do	not	know	what	the	future	holds,	we	
can	 be	 better	 equipped	 for	 the	 only	 thing	 we	 can	 be	 sure	 of	—	 change.	 The	 qualities	 that	
learners	need	have	thus	been	dubbed	“21st	century”	in	nature	—	not	because	they	were	of	no	
use	 before	 (although	 they	 may	 take	 novel	 forms	 today)	 —	 but	 because	 of	 their	 central	
importance	in	times	of	turbulence,	in	a	jobs	marketplace	where	routine	cognitive	work	will	be	
increasingly	automated.	
2 DEFINING 21ST CENTURY COMPETENCIES 
What	 are	 these	new	qualities	 and	 competencies?	 There	 are	many	 lists	 and	 taxonomies	 from	
numerous	 initiatives.	 A	 2012	 review	 by	 Pearson	 and	 the	 Canadian	 National	 Council	 on	
Measurement	 in	Education	identified	critical	thinking,	creativity,	collaboration,	metacognition,	
and	motivation	as	essential	 (Lai	&	Viering,	 2012).	A	US	National	Research	Council	 committee	
(Koenig,	 2011)	 identified	 cognitive	 skills	 (Non-Routine	 Problem	 Solving,	 Systems	 Thinking	 and	
Critical	 Thinking),	 interpersonal	 skills	 (ranging	 from	Active	 Listening,	 to	 Presentation	 Skills,	 to	
Conflict	Resolution),	and	 intrapersonal	skills,	which	are	personal	qualities	 that	equip	a	 learner	
(broadly	 clustered	 under	 Adaptability	 and	 Self-Management/Self-Development).	 A	 large	
international	joint	academic/business	project	is	under	way,	using	a	classification	of	Knowledge,	
Skills	 and	 Attitudes,	 Values	 and	 Ethics	 (ATC21S,	 http://www.atc21s.org).	 The	 first	 book	 from	




the	 OECD-CERI	 analyses	 of	 “new	 millennial	 learners”	 (OECD,	 2012).	 Deakin	 Crick,	 Huang,	
Ahmed-Shafi,	 and	Goldspink	 (2015)	 report	progress	 in	a	15-year	 research	program	defining	a	






relationships	 between	 a	 set	 of	 malleable	 learning	 dispositions	 (rather	 than	 skills),	 namely:	
Mindful	 Agency,	 Sensemaking,	 Creativity,	 Curiosity,	 Belonging,	 Collaboration,	 Hope	 and	
Optimism,	and	Orientation	to	Learning	(CLARA,	2016).	
3 LEARNING ANALYTICS FOR 21ST CENTURY COMPETENCIES? 
In	their	recent	analysis	of	the	field,	Lai	and	Viering	(2012)	conclude:	
We	 recommend	 several	 practices	 for	 assessing	 21st	 century	 skills:	 incorporating	 multiple	
measures	 to	 permit	 triangulation	 of	 inferences;	 designing	 complex	 and/or	 challenging	 tasks;	
including	 open-ended	 and/or	 ill-structured	 tasks;	 using	 tasks	 that	 employ	 meaningful	 or	
authentic,	 real-world	 problem	 contexts;	 making	 student	 thinking	 and	 reasoning	 visible;	 and	
exploring	innovative	approaches	that	utilize	new	technology	and	psychometric	models.	
This	 sets	 the	 challenging	 context	 for	 understanding	 the	 potential	 of	 LA	 approaches	 for	 the	
formative	 (and	 possibly	 summative)	 assessment	 of	 21st	 century	 competencies,	 which	 are	
important	precisely	because	they	need	to	be	displayed	in	interpersonal,	societal,	and	culturally	
valid	contexts.	By	definition,	the	concept	of	assessing	qualities	that	are	lifelong	—	spanning	the	




Framed	 thus,	 the	 goal	 is	 to	 forge	 new	 links	 from	 the	 body	 of	 educational/learning	 sciences	
research	 —	 which	 typically	 clarifies	 the	 nature	 of	 the	 phenomena	 under	 question	 using	
representations	and	 language	 for	 researchers	—	to	documenting	how	data,	algorithms,	 code,	
and	user	interfaces	come	together	through	coherent	design	in	order	to	automate	such	analyses	
—	 providing	 actionable	 insight	 for	 the	 educators,	 students,	 and	 other	 stakeholders	 who	
constitute	the	learning	system	in	question.	
Learning	 analytics	 of	 this	 sort	 is	 at	 an	early	 stage	of	 development,	 and	 this	 special	 section	 is	
intended	to	document	examples	of	the	current	state	of	the	art,	and	clarify	primary	challenges	
to	advancing	 the	 field.	Relevant	work	 includes	 (but	 is	not	 limited	 to)	 the	established	body	of	
evidence	on	how	learners’	dispositions	and	mindsets	impact	engagement	(Dweck,	2006;	Deakin	
Crick	 et	 al.	 2015;	 Krumm	 &	 Cheng,	 2013),	 grounding	 efforts	 to	 develop	 practical	 formative	
assessment	 tools.	 Conscientiousness	may	 be	 quantified	 through	 educational	 games	 (Shute	&	
Ventura,	2013),	while	“epistemic	 frame	analysis”	can	be	used	to	design	 immersive	simulation	











these	 new	 competencies?	 How	 do	 we	 translate	 theoretical	 constructs	 with	 integrity	 into	
algorithms	to	assess	online	behaviour?	How	can	they	be	rendered	for	human	interpretation,	by	
whom,	 and	 with	 what	 training?	 Should	 such	 analytics	 be	 used	 primarily	 for	 formative	
assessment,	or	should	we	be	aiming	for	summative	grades?	Who	gets	to	design	the	analytics,	
and	who	gets	to	validate	them?	Do	analytics	of	this	sort	raise	new	ethical	dilemmas?	
4 INVITED TOPICS 
Contributions	 were	 invited	 to	 this	 special	 section	 to	 document	 and	 advance	 theory,	 design	
methodology,	technology	 implementation,	or	evidence	of	 impact,	 including	but	not	 limited	to	
the	following:	
• Analytics	 for	 higher	 order	 competencies	 such	 as	 critical	 thinking,	 curiosity,	 resilience,	
creativity,	 collaboration,	 sensemaking,	 self-regulation,	 reflection/meta-cognition,	
transdisciplinary	thinking,	or	skillful	improvisation	
• Theoretical	 arguments	 around	 the	 opportunities,	 or	 indeed	 the	 limits,	 for	 analytics	 in	
illuminating	particular	competencies	
• Principles	 and	 methodologies	 for	 combining	 complementary	 analytical	 approaches,	
including	 reflections	 on	 conventional	 educational	 assessment	 instruments,	 and	
computational	approaches	
• Methodologies	for	validating	analytics	
• Analytics	 for	 learning	 dispositions/mindsets/“non-cognitive”	 factors	 known	 to	 shape	
readiness	to	engage	in	learning	
• Analytics	for	different	kinds	of	authentic	assessment	and	inquiry-based	learning	
• Technological	 challenges	 and	 opportunities	 for	 lifelong,	 life-wide	 learning	 analytics	
extending	beyond	formal	educational	contexts	
• Arguments	regarding	whether	analytics	could	effect	a	shift	 in	the	assessment	regimes,	








• Visualization	 design	 for	 different	 user	 groups;	 in	 particular,	 to	 promote	 increasing	
learner	self-awareness	and	capacity	to	take	responsibility	for	one’s	learning	
5 OVERVIEW OF THE PAPERS 





inner-self	 through	 to	 the	 conscious	 external	 social	 self.	 This	 model	 motivates	 the	 use	 of	
reflective	 writing	 for	 formative	 assessment,	 and	 the	 model	 serves	 to	 guide	 exploratory	
computational	 analysis	 of	 undergraduate	 reflective	 writing.	 The	 authors	 recognize	 the	 early	
stage	 of	 the	 work	 as	 an	 analytics	 approach	 for	 automating	 the	 discovery	 of	 metacognitive	
activity	in	reflective	writing,	in	order	to	provoke	it	further.	
Surprisingly,	 given	 the	 centrality	 of	 writing	 and	 online	 textual	 interaction	 in	 our	 educational	
systems,	this	is	the	only	paper	submitted	that	uses	natural	language	processing	(NLP).	However,	














This	 paper	 is	 distinctive	 in	 its	 “mixed	 methods”	 approach,	 combining	 student	 surveys	 and	










In	 Understanding	 Learning	 and	 Learning	 Design	 in	 MOOCs:	 A	 Measurement-Based	
Interpretation,	Milligan	 and	Griffin	 operationalize	 a	 21st	 century	 competency	 associated	with	
effective	MOOC-based	learning,	which	they	term	Crowd-Sourced	Learning	(C-SL)	capability.	This	
is	defined	as	an	“array	of	attitudes,	beliefs,	and	understandings	about	learning	that	participants	
bring	 to	a	MOOC	and	which	 shape	 their	behaviour	and	explain	why	 individuals	differ	 in	 their	
ability	 to	 generate	 higher	 order	 learning,”	 comprising	 Epistemic	 Standpoint,	 Orientation	 to	
Teaching	and	Learning,	and	Regulation	of	Learning.	They	construct	log	file	activity	measures	of	





proxies	 in	 learning	 analytics.	 The	 result	 is	 an	 “operationalized	 assessment	 rubric”	 defining	
significant	transitions	from	novice	to	expert:	each	cell	in	the	rubric	table	has	associated	log	file	
behaviours,	which	then	permit	evaluation	of	the	impact	of	MOOC	design	iterations.	
In	 Practical	 Measurement	 and	 Productive	 Persistence:	 Strategies	 for	 Using	 Digital	 Learning	
System	Data	 to	 Drive	 Improvement,	 Krumm	 et	 al.	 add	 another	 important	 perspective	 to	 the	
collection,	 grounding	 their	 work	 in	 Educational	 Improvement	 Science,	 an	 emerging	
methodology	for	designing	research-inspired	but	 intensely	practical	educational	 interventions,	
using	a	systems	thinking	approach.	Their	paper	outlines	the	development	of	practical	measures	
for	 a	 quality	 they	 define	 as	 Productive	 Persistence.	 Practical	 measurement	 refers	 to	 data	
collection	 and	 analysis	 approaches	 originating	 from	 improvement	 science;	 productive	
persistence	 refers	 to	 the	 combination	 of	 academic	 and	 social	 mindsets	 as	 well	 as	 learning	
behaviours	that	are	important	drivers	of	student	success	within	their	program.	
This	 paper	 is	 noteworthy	 in	 at	 least	 two	 respects.	 Firstly,	 we	 find	 the	 argument	 for	
improvement	science	to	be	a	persuasive	one,	which	we	would	encourage	the	learning	analytics	
community	 to	 attend	 to:	 1)	it	 helps	 answer	 the	 question	 “where	 should	 we	 target	 our	
analytics?”	because	it	provides	a	participatory	methodology	to	work	with	educators	to	identify	
their	most	 pressing	 challenges,	 and	 their	 key	 drivers;	 2)	analytics	 provide	 new	ways	 to	 track	
those	drivers	and	provide	 the	 rapid	 feedback	 loops	critical	 to	 improvement	cycles,	answering	
“did	we	make	a	difference?”	Second,	part	of	this	work	focuses	on	Productive	Persistence,	a	form	






concept	 of	mindsets	 from	 Carol	 Dweck’s	 work,	 also	 referred	 to	 as	 dispositions	 (Buckingham	
Shum	 &	 Deakin	 Crick,	 2012),	 which	 have	 for	 some	 time	 been	 quantifiable	 from	 self-report	




In	 Analytics	 for	 Knowledge	 Creation:	 Towards	 Epistemic	 Agency	 and	 Design-Mode	 Thinking,	
Chen	and	Zhang	report	work	arising	from	the	 long	term	learning	sciences	program	developed	
by	Scardamalia	and	Bereiter	 (e.g.,	1991,	2014),	 into	“Knowledge	Building.”	Consequently,	 the	
primary	 argument	 is	 for	 the	 urgent	 need	 for	 the	 educational	 system	 to	 foster	 innovation	
(starting	with	children	as	young	as	7	years	in	this	paper).	This	motivates	Chen	and	Zhang’s	focus	
on	cultivating	two	higher	order	qualities,	namely	Epistemic	Agency	and	Design-Mode	Thinking.	
They	 document	 the	 process	 by	 which	 analytics	 for	 these	 qualities	 have	 been	 devised	 for	
collaborative	tasks,	and	how	the	resulting	patterns	can	be	visualized	for	educators	and	students	
to	provoke	reflection.	
In	 contrast	 to	 the	 other	 papers,	 which	 take	 as	 input	 the	 data	 from	 relatively	 conventional	
learner	 interaction	 in	 learning	 platforms	 (e.g.,	 writing;	 creating	 digital	 artifacts;	 watching	
movies;	 online	 discussion;	 solving	 maths	 problems),	 the	 analytics	 in	 this	 project	 are	 made	
possible	 because	 student	 activity	 is	 mediated	 by	 a	 structured,	 visual	 deliberation	 tool	 (cf.	
Andriessen,	 Baker	 and	 Suthers,	 2003;	 Kirschner,	 Buckingham	 Shum	 and	 Carr,	 2003).	 The	
resulting	 networks	 of	 hypertext	 nodes	 and	 links	 have	 semantics,	 sequences,	 and	 structural	
patterns	that	can	be	processed	computationally	 far	more	easily	than	that	required	to	analyze	
naturalistic	online	discourse	(cf.	Rosé	&	Tovares,	2015),	although	the	textual	content	of	nodes	is	
also	 analyzed.	 Students	 contribute	 by	 making	 higher	 order	 choices	 between	 a	 menu	 of	
discourse	moves	 that	 serve	as	 semantically	meaningful	units	of	activity	 for	both	 learners	and	
the	machine,	making	it	possible	to	implement	novel	analytics	and	visualizations.	
The	section	also	includes	two	practitioner	papers,	written	by	and	for	practitioners	(although	we	
are	 certain	 academic	 researchers	 will	 also	 find	 them	 of	 interest).	 In	 the	 first,	 Tracking	 and	
Visualizing	 Student	 Effort:	 Evolution	 of	 a	 Practical	 Analytics	 Tool	 for	 Staff	 and	 Student	
Engagement,	 Robin	 Nagy	 documents	 an	 initiative	 to	 design	 an	 infrastructure	 (human	 work	










with	 students	 who	 are	 intrigued	 to	 see	 their	 effort	 and	 attainment	 animated	 over	 time	 in	
relation	to	their	peers,	as	the	stimulus	for	a	tutorial	conversation.	
This	practitioner	paper	adds	to	the	section	by	documenting	a	participatory,	systemic	approach	
to	analytics	design.	Nagy	notes	 technical	 factors	 critical	 to	 the	 long-term	sustainability	of	 the	
tool,	 but	 also	 organizationally,	 the	 engagement	 and	 professional	 development	 of	 teachers	 is	
critical	to	embedding	and	sustaining	novel	analytics	in	the	daily	life	of	a	busy	high	school.	The	
approach	demonstrates	 the	power	of	quantifying	and	making	visible	a	quality	 that	otherwise	
remains	 intangible,	 and	 therefore	 hard	 to	 talk	 about	 or	 improve.	 The	 work	 shows	 the	
importance	of	iterating	through	successive	classification	schemes	in	order	to	whittle	it	down	to	
the	 right	balance	of	 simplicity	 (teachers	and	students	can	grasp	 it)	and	expressiveness	 (it	 still	







platform	 provides	 educators	with	 tools	 to	 verify	 that	 their	 assessments	 are	 aligned	with	 the	











design	and	 its	usage,	 this	 report	devotes	 less	space	 to	 formal	validation	of	 the	approach,	but	
refers	 the	 reader	 to	 the	educational	 research	on	which	 it	 is	grounded,	and	 to	which	 it	has	 in	
turn	contributed.	The	paper’s	overall	message	concerns	the	 imperative	to	change	assessment	








6 REFLECTIONS ON THIS COLLECTION OF PAPERS 




















scenario	 with	 no	 single	 correct	 answer.	 Such	 a	 learning	 environment	 becomes	 a	 complex	
adaptive	system	itself,	in	which	educators	and	students	are	all	learners.	This	is	in	stark	contrast	
to	closed	learning	systems	with	stable	expertise	(educators),	and	knowledge	deficits	(students),	




tutors,	 take	 increasing	 responsibility	 for	 their	 learning,	 and	become	mindful	of	 such	personal	
qualities	 as	 their	 sense	 of	 personal	 agency,	 openness	 to	 challenge,	 resilience	 in	 adversity,	 or	
reflective	metacognition.	
Looking	to	the	future,	when	C21	 learning	analytics	have	matured,	and	 in	concert,	assessment	
design	more	 explicitly	 values	 those	 competencies,	 teams	will	 no	 doubt	 aim	 to	 develop	 “C21	
















discourse	has	 in	the	school	sector.	The	fact	that	 it	 is	beginning	to	be	possible	to	nurture,	and	




have	greater	 control	 over	 curricula	 than	 in	 the	 school	 sector.	 Certainly	within	 the	 innovation	
economies,	we	see	employers	—	and	the	professional	bodies	sometimes	blamed	by	academics	








(Martinez-Maldonado	 et	 al.,	 2016),	 computer-supported	 collaborative	 problem	 solving	 tests	
(Griffin	 et	 al.,	2012),	 self-regulation	 (Roll	&	Winne,	 2015),	 social	 learning	 analytics	 (e.g.,	 Tan,	
Yang,	Koh,	&	Jonathan,	2016),	and	“quantified	self”	personal	data	(e.g.,	Eynon,	2015).	
7 A COMPLEX SYSTEMS PERSPECTIVE 
Complex	systems	perspectives	are	beginning	 to	be	applied	 to	 learning	analytics	 to	help	make	
sense	 of	 the	 organizational	 dynamics	 of	 introducing	 analytics	 (Macfadyen,	Dawson,	 Pardo,	&	
Gasevic,	2014;	Colvin,	et	al.	2016).	We	also	note	important	work	in	the	Science	and	Technology	
Studies	 community	 on	 information	 and	 knowledge	 infrastructures	 (Bowker	 &	 Star,	 1999;	









baked	 into	 them,	 with	 the	 risk	 that	 they	 become	 invisible,	 and	 unaccountable	 (Buckingham	
Shum,	2016).	
We	propose	that	a	transdisciplinary,	complex	systems	perspective	is	particularly	well	suited	to	
the	 distinctive	 challenge	 of	 conceiving	 learning	 analytics	 for	 C21	 qualities.	 There	 are	 two	
fundamental	challenges	implicit	in	the	task	we	have	set,	which	are	evident	in	the	projects	in	this	
collection.	First	is	the	transdisciplinary	nature	of	the	work	and	the	concomitant	requirement	for	
rigour	 and	 expertise	 in,	 at	 least,	 pedagogy,	 learning	 sciences,	 computation,	 technology,	 and	
assessment.	Second	is	the	engaged	nature	of	the	work	in	which	students,	teachers,	and	leaders	
as	 users	 of	 learning	 systems	 are	 critical	 stakeholders	 alongside	 academics	 and	 technologists.	
Engaging	 with	 this	 complexity	 is	 inevitable,	 and	 understanding	 it	 requires	 us	 to	 transcend	 a	
single,	discipline-based	perspective.	
Drawing	 on	 work	 in	 systems	 thinking	 and	 complexity	 (Blockley,	 2010),	 we	 identify	 some	




purpose	 of	 the	 system	 can	 we	 hope	 to	 evaluate	 it.	 The	 purpose	 of	 learning	 analytics	 to	
formatively	support	the	development	of	C21	competencies	in	students	means	that	the	overall	
desired	 outcome	 is	 students	with	 a	 set	 of	 capabilities,	 addressed	 above,	which	 by	 definition	
include	 the	 full	 range	 of	 “human	 interests”	 —	 empirical,	 analytical,	 hermeneutical,	 and	
emancipatory	 (Joldersma	&	 Deakin	 Crick,	 2010)	 together	with	 their	 distinctive	 “rationalities”	
and	data	forms.	This	means	at	the	very	least,	as	evidenced	in	these	studies,	that	we	must	learn	
how	 to	 responsibly	 capture,	 analyze,	 and	 use	 rich	 data	 about	 student	 learning,	 including	
attitudes,	 values	 and	 dispositions,	 narrative,	 purpose,	 and	 identity	 —	 as	 well	 as	 knowledge	
generating	processes	and	 the	more	 familiar	 learning	outcome	measures	 (Deakin	Crick,	2012).	
This	 includes	making	 reliable	 links	 “from	 clicks	 to	 constructs”	—	 the	 new	 version	 of	making	
inferences	from	behaviour	to	constructs.	










Another	 characteristic	 of	 complex	 systems	 is	 feedback	 loops	 that	 influence	 the	 system	
processes	 for	 better	 or	 for	 worse.	 Each	 study	 in	 some	 way	 captures	 and	 feeds	 back	 data	
presumed	 to	 be	 helpful	 for	 formative	 change	 and	 self-directed	 learning	 or	 teaching.	 The	
affordance	of	technology	to	generate	feedback	in	real	or	rapid	time	is	a	key	aspect	of	learning	
analytics	 that	 should	 not	 be	 underestimated	 when	 it	 comes	 to	 developing	 wider	 C21	
competences,	because	it	abolishes	the	lifecycle	gap	between	traditional	research	and	practice.	
It	also	creates	the	demand	for	“practical”	measures	that	are	both	trustworthy	and	useful	in	the	
“messy”	and	“time	poor”	world	of	 the	classroom	or	workplace.	 Linked	 to	 this	—	and	evident	
also	in	these	studies	is	the	power	of	technology	to	re-present	knowledge	in	a	variety	of	forms,	
particularly	 visual,	 that	 convey	 meaning	 in	 very	 different	 ways	 from	 traditional	 reporting.	
Chen’s	 work	 in	 the	 “promising	 ideas	 tool,”	 for	 example,	 goes	 beyond	 simply	 re-presenting	
knowledge	in	novel	ways	to	something	more	akin	to	the	creation	of	a	“virtual	zone	of	proximal	
development”	 (Vygotsky,	 1978,	 p.	 159)	 that	 can	 be	 inhabited	 by	 the	 learner,	 rendering	 the	
technology	more	like	a	“psycho-prosthetic	limb”	—	a	knowledge	generating	tool.	
The	 processes	 that	 learning	 analytics	 aim	 to	 serve	 and	 enhance	 in	 the	 development	 of	 C21	
competencies	 are	 more	 problematic	 because	 there	 is	 not	 a	 consensus	 about	 how	 they	 fit	





agency	 and	 choice.	 Reflection,	 for	 example,	 is	 used	 by	 students	 for	 developing	 deeper	
understanding	 and	 scaffolding	 meta-cognition.	 Self-regulation,	 self-efficacy,	 and	 productive	
persistence,	 by	 definition,	 require	 a	 person	 to	 be	 efficacious	 and	 regulate	 the	 self.	 Creative	
knowledge	building	is	about	producing	something	original	 in	an	authentic	context	—	to	which	
student	 choice	 (and	 thus	 agency	 and	 purpose)	 are	 key.	 Furthermore,	 this	move	 towards	 the	
learner	as	a	“self-organizing	system”	brings	with	 it	a	similar	 requirement	at	each	 level	of	 the	
system.	Given	learning	analytics	for	C21	competencies,	teachers	or	tutors	can	no	longer	deliver	
a	 pre-determined	 script	 or	 curriculum	—	 they	 are	 required	 to	 received,	 collate,	 analyze,	 and	
respond	 to	 complex	 data	 about	 real	 learners	 in	 close	 to	 real	 time	 and	 make	 pedagogical	











around	 a	 shared	 improvement	 aim	 whilst	 also	 enabling	 responsibility,	 authority,	 and	
accountability	to	be	aligned	appropriately	at	each	level?	What	sort	of	leadership	analytics	and	
dashboards	 can	 support	 this	 challenge?	 How	 can	 governments	 re-think	 accountability	
frameworks	 to	 support	 this?	 Improvement	 science	 is	 an	 approach	 that	 does	 justice	 to	 the	
micro-level	 of	 learning	 at	 the	 same	 time	 as	 an	 overall	 macro	 level	 improvement	 aim,	 and	




Pedagogy	and	 learning	 that	produce	students	capable	of	 thriving	 in	conditions	of	 complexity,	
risk,	and	challenge	is	also	an	emergent	field,	still	struggling	to	find	its	way.	A	significant	program	
of	 work	 is	 opening	 up,	 and	 we	 hope	 that	 this	 special	 section	 assists	 in	mapping	 the	 known	
territory,	as	well	as	where	to	explore	next.	
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